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• Determine decay heat from realistic initial FP files
• Compare the capability  of FP retention for different 
release paths
• Deliver realistic source terms for RODOS 
calculations
(RODOS calculates the FP distribution outside the 
containment)
Motivation
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ASTEC has the capabilities:
• to determine the residual power after the SCRAM from 
a given initial nuclide file
• to determine the decay chains of the isotopes in the initial nuclide file
• To calculate the transport of the FP in nuclide file through the 
primary/secondary circuits and the containment after a failure of the fuel 
rod cladding
There is a need, to generate a
realistic initial FP file for ASTEC calculations
Prediction of nuclide inventories
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Prediction of nuclide inventories
https://www.nucleonica.com/
1 year license costs ≈ 600 Euro
webKORIGEN
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Prediction of nuclide inventories
webKORIGEN - input mask
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Prediction of nuclide inventories
Nuclide masses Nuclide decay heats
not in list
for decay heat
Result of webKORIGEN calculation
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Prediction of nuclide inventories
Brennelement-Typ Anzahl
Uran 234 Uran 235 Uran 238 Pu 238 Pu 239 Pu 240 Pu 241 Pu 242 Am 241
U-BE 48 0.2266 24.7572 513.2162 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
U-Gd-BE 81 0.218 23.8012 507.8808 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
MOX 64 0 1.1490 498.4145 0.5418 21.5302 9.0878 2.8487 1.8692 0.3588
Brennelement-Typ Anzahl
Uran 234 Uran 235 Uran 238 Pu 238 Pu 239 Pu 240 Pu 241 Pu 242 Am 241
U-BE 8 1.8128 198.0576 4105.7296 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
U-Gd-BE 16 3.4880 380.8192 8126.0928 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
MOX 16 0.0000 18.3840 7974.6320 8.6688 344.4832 145.4048 45.5792 29.9072 5.7408
U-BE 8 1.8128 198.0576 4105.7296 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
U-Gd-BE 16 3.4880 380.8192 8126.0928 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
MOX 16 0.0000 18.3840 7974.6320 8.6688 344.4832 145.4048 45.5792 29.9072 5.7408
U-BE 8 1.8128 198.0576 4105.7296 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
U-Gd-BE 16 3.4880 380.8192 8126.0928 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
MOX 16 0.0000 18.3840 7974.6320 8.6688 344.4832 145.4048 45.5792 29.9072 5.7408
U-BE 8 1.8128 198.0576 4105.7296 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
U-Gd-BE 16 3.4880 380.8192 8126.0928 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
MOX 16 0.0000 18.3840 7974.6320 8.6688 344.4832 145.4048 45.5792 29.9072 5.7408
U-BE 8 1.8128 198.0576 4105.7296 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
U-Gd-BE 16 3.4880 380.8192 8126.0928 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
MOX 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
U-BE 8 1.8128 198.0576 4105.7296 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
U-Gd-BE 1 0.2180 23.8012 507.8808 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
MOX 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Kerninventar
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ursprünglich frische Masse, die schon eine gewisse Anzahl an Zyklen durchlaufen haben
Masse (kg) pro frischem Brennelement
Masse (kg) pro frischem BrennelementAnzahl 
Zyklen
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Example Core inventory of a generic German PWR
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Prediction of nuclide inventories
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Prediction of nuclide inventories
In line 748 of U-Gd-BE
not in U-Gd-BE
Process of ordering, summarizing
masses and decay heats and
refering masses to decay heats
must be automatized!
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Prediction of nuclide inventories
EXCEL procedure written
to bring the information from
webKORIGEN calculations in 
a usable form
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Prediction of nuclide inventories
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Prediction of nuclide inventories
Result of ordering
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Prediction of nuclide inventories
Generation of STRU ISOTOP by the EXCEL procedure
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Additional moduls to be activated
STRU CALC_OPT
SC1 MODULIST 
'CESAR' 
'ICARE' 
'SOPHAERO' 
'ISODOP'
TERM
END
Primary and secondary thermohydraulics
In-vessel core degradation
Chemistry in the gaseous phase
Computation of isotope masses
Extension of Input (VESSEL+Primary)
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Additional moduls to be activated
STRU FP_HEAT
SRG ISOTOP
TERM
END
Other Fields, like 
FP, FRAQ, TIME, POWE 
are not needed anymore
Extension of Input (VESSEL+Primary)
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Extension of Input (Containment)
STRU CONTAINM
STRU ZONE
END
END
STRU GEOM
END
CDRY concrete dry area
CWET concrete wet area
PDRY painted dry area
PWET painted wet area
SDRY steel dry area
SWET steel wet area
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Mandatory, if TYPE ‘OTHER‘
Extension of Input (Containment)
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Determination of isotopes
released from the containment
Problem:
Masses of isotops flowing through CONNs are not available for the user
But following pieces of information are available:
List of isotop names:  
BASE : PHYSICAL : BANK : INAME
List of isotop masses in the containment:
BASE : FP_HEAT : CONTAINMENT : MI
Cumulative mass of elements through CONN:
BASE : CONTAINM : CONN ´name´ : FPDI : ´name of element´
These pieces of information make it possible to determine the mass of an 
isotop which has left the containment
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Extension of Input (V+P+Containment)
Simplified Model/Calculation
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Extension of Input (V+P+Containment)
Simplified Model/Calculation
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Outlook
• Include models for FPs in inputs for other rector 
types
• Include models for the core melt in the reactor pit
• Include models for the chemistry in the 
containment
• Calculation of more complex scenarios 
